INTRODUCTION
Breast cancers can be multifocal and multicentric. In women with newly diagnosed breast cancer, 20% to 60% are believed to harbor additional ipsilateral malignant foci other than the index tumor, detected by clinical examination or conventional imaging [1] [2] [3] . Accurate determination of the tumor extent and presence of additional tumor foci can improve the surgical outcome in breast conservation surgery, by reducing the re-operation rate as well as the local recurrence rate. In contrast, only 1% to 3% of newly diagnosed women have synchronous contralateral breast cancer. These patients have a poor prognosis compared to those with unilateral breast cancer, indicating the importance of early detection of contralateral malignancies in newly diagnosed patients [4, 5] .
Breast magnetic resonance imaging (MRI) is increasingly used both in preoperative imaging studies in breast cancer patients and for screening in high-risk women because of its high sensitivity for breast cancer detection. Although mammography remains the standard method of diagnosis, considerable evidence has indicated that breast MRI is more sensitive than conventional imaging in identifying additional cancer foci that would otherwise have not been detected [6] [7] [8] . A recent meta-analysis showed that the addition of breast MRI increased the incremental detection rates (ICDRs) of add-
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itional malignancies by 16% in the ipsilateral breast. Additionally, MRI can detect contralateral breast cancer in up to 4.1% of primary breast cancer patients. Considering the substantial rate of ipsilateral tumor recurrence after breast conservation surgery and the prognostic importance of contralateral breast cancer, it is hoped that the use of MRI can improve the treatment outcome of breast cancer patients [5, 7, 9] .
In women with mammographically dense breasts, conventional imaging for breast cancer often includes breast ultrasonography. Furthermore, preoperative ultrasonography-guided procedures such as needle biopsies for suspicious lesions are commonly used. The benefit of breast MRI in terms of improved ICDRs in breast cancer patients who have undergone ultrasonography and mammography is currently unclear. Clinical studies involving a small number of patients have shown that MRI is more sensitive than ultrasonography [10] [11] [12] . However, no study has addressed this issue in a large number of patients.
Moreover, breast MRI has been found to be associated with more extensive surgery without clear evidence of a survival benefit [13, 14] . In this study, we evaluated the rate of additional cancer detection by MRI in patients who underwent preoperative breast ultrasonography and mammography.
METHODS

Study population
We retrospectively reviewed the records of 3,936 breast cancer patients who underwent surgery at the Seoul National University Hospital between August 2007 and December 2010. During this period, patients with newly diagnosed breast cancer underwent breast MRI if there were no contraindications such as renal insufficiency. Patients with unilateral breast MRI and those who received neoadjuvant chemotherapy or underwent excisional biopsy for cancer diagnosis were excluded. As our aim was to examine the true additional value of breast MRI compared to mammography and ultrasonography, patients were included only when the initial diagnostic mammography and ultrasonography results prior to breast MRI were available. Patients were excluded if they underwent breast ultrasonography before referral to our institution, because of the lack of initial imaging findings. A total of 1,038 patients were examined. The study protocol and the use of information from our institutional database were approved by the Institutional Review Board of the Seoul National University Hospital (IRB number, 1106-070-366).
Imaging modality
All breast MRIs were performed using a 1.5-T system (Signa ® ; General Electric Medical Systems, Milwaukee, USA), as described previously [15] . ; slice thickness, 1.5 mm), and dynamic contrast-enhanced images, including one precontrast and five postcontrast sagittal images using a fat-suppressed T1-weighted 3D fast spoiled gradient echo sequence (TR/TE, 6.5/2.5 ms; matrix, 256 × 160; flip angle, 10°; field of view, 200 × 200 mm; slice thickness, 1.5 mm) were obtained. Second-look bilateral ultrasonography was performed in all patients prior to surgery. Bilateral whole-breast ultrasonography was performed with 10 or 12 MHz linear transducers for high image resolution by an experienced radiologist (Voluson 730, Kretz-Medison, Zipf, Austria; HDI 5000, Advanced Technology Laboratories, Bothell, USA). This procedure is routinely performed not only in cancer patients, but also for population screening, as Korean women have small and relatively dense breasts, which makes it a feasible diagnostic tool.
Definition of additional lesions
Lesions undetected by conventional methods (mammography and ultrasonography) but detected by sequentially performed contrast-enhanced breast MRI were defined as additional lesions. Lesions within 0.5 cm of the index tumor, which would not have affected the surgical extent were considered daughter nodules and were not counted. Lesions were assessed according to the Breast Imaging-Reporting and Data System (BI-RADS) classification (Category0 [C0], incomplete study; C1, negative; C2, benign; C3, probably benign; C4, suspicious malignancy; C5, highly suggestive of malignancy; C6, proven malignancy). Additional malignancy was defined as pathologically confirmed in situ or invasive carcinoma. The incidence of additional malignancy, positive predictive value (PPV), and false positive (FP) rate were analyzed. PPV was defined as the number of true positive (TP) cases/the number of TP+FP cases. Lesions were classified according to the BI-RADS, and class 4 or 5 lesions were considered suspicious of malignancy. All suspicious lesions were re-evaluated by second-look mammography and ultrasonography before surgery. Most patients opted for lesion examination by excisional biopsy in a one-stage surgery because of the possible time delay between diagnosis and surgery to confirm the pathology of the additional suspicious lesion. As most of the lesions were identified by focused second-look ultrasonography, ultrasoundguided wire localization or skin marking was performed if they were not included in the initially planned surgery for the primary tumor. Suspicious additional lesions were surgically excised at the time of the curative operation, either by separate excisional biopsy or by extended surgery. All surgical specimens were examined by serial sectioning, and the pathologic positivity of the surgically removed MRI-detected lesions was assessed by carefully matching the pathology reports and MRI findings. The association between clinicopathological factors and the risk of additional malignancy was evaluated.
Statistical analysis
Differences in the distribution of categorical variables were analyzed using the Pearson chi-square test, whereas continuous variables were compared using the Student t-test. A stepwise logistic regression model was used for multivariate analysis. All statistical analyses were performed using the SPSS version 19.0 software package (SPSS Inc., Chicago, USA), with p< 0.05 considered statistically significant.
RESULTS
The demographic and clinicopathological characteristics of the study population are shown in Overall, breast MRI detected additional lesions in 228 of the 1,038 patients (22.0%) (Table 2, Figure 1 ). Of these 228 lesions, 109 (47.8%) were suspicious of malignancy (BI-RADS class 4 or 5) on breast MRI and second-look ultrasonography.
Fourteen MRI-defined C3 lesions and 12 MRI-defined C0 lesions were upstaged to BI-RADS C4 after second-look ultrasonography, resulting in 109 additional suspicious lesions (Figure 1 ). Four lesions were unidentifiable by second-look ultrasonography, and these lesions were closely observed without pathologic examination. There was no sign of local recurrence after more than 48 months of follow-up in these four cases. Of the 109 suspicious lesions, 51.4% (56/109) were in the ipsilateral breast and 48.6% (53/109) were in the contralateral breast. Pathology results revealed the presence of malignancy in 30 MRI-detected lesions (2.9%) (21 in the ipsilateral breast and nine in the contralateral breast). Of these tumors, 14 were in situ carcinomas and 16 were invasive carcinomas. The PPV of breast MRI was 27.5% (30/109). The combination of breast MRI and second-look ultrasonography resulted in ICDRs of 2.0% (21/1,038) in the ipsilateral breast and 0.9% (9/1,038) in the contralateral breast, resulting in an overall ICDR of 2.9%. The overall PPV was 27.5% (30/109); the PPVs for ipsilateral and contralateral breast tumors were 37.5% (21/56) and 17.0% (9/53), respectively. The overall TP:FP ratio was 0.38 (30:79):0.60 (21:35) for the ipsilateral breast and 0.20 (9:44) for the contralateral breast. We also assessed the demographic and clinical factors associated with the increased risk of MRI-detected additional malignancies (Table 3) . In univariate analysis, age, mammographic breast density, index tumor size, histological grade, estrogen receptor status, and lymph node metastasis were not significantly associated with the detection of additional malignant lesions. Logistic regression analysis, including the patient's age, lobular component, and mammographic breast density, did not identify any significantly associated factor either; age ≤ 50 years was the only factor that tended to be associated with MRI-detected additional malignancy (odds ratio, 2.16; 95% confidence interval, 0.89-5.29; p= 0.090) ( Table 4) . These factors were selected for logistic regression analysis with the assumption that young patients with a high breast density could possibly benefit from breast MRI and because lobular carcinoma is more likely to involve multiple tumors. As age was significantly correlated with density (Pearson correlation coefficient= -0.409), forward selection analysis was performed, and all three factors had adjusted p-values of > 0.05 (Table 4) .
The breast conservation rate was 53.3% (16/30) for TP cases and 58.2% (31/79) for FP cases, compared to 59.8% (484/810) for patients without additional lesions (p= 0.647).
DISCUSSION
Advances in MRI technology have enabled improved detection and spatial definition of breast cancer, which has led to the wide use of breast MRI in breast cancer diagnosis and management [16] . This increase in the use of breast MRI is based on the assumption that the high sensitivity could result in more accurate assessments of tumor extent and burden, in-cluding the presence of additional malignant foci. This, in turn, could result in favorable clinical outcomes in terms of re-excision and in-breast tumor recurrence rates, among other outcomes [6, 14, [16] [17] [18] .
We evaluated the ICDR associated with preoperative breast MRI for the detection of additional malignant foci in the affected breast and in the contralateral unaffected breast in a large number of Asian breast cancer patients who also underwent breast ultrasonography and mammography. Although it was a large study, there were limitations to this study. Whether MRI resulted in more extensive surgery is unclear, because information on the initial surgical plan before performing breast MRI was generally unavailable. Additionally, the survival difference could be efficiently assessed, as the number of cases with additional malignant foci was small. As MRI-guided biopsy procedures were not performed during the study period, the whole study population underwent surgical excision of the suspicious lesions for pathologic confirmation. The PPV and TP:FP of breast MRI in terms of detecting additional malignancies should be re-evaluated in a setting with MRI-guided biopsies.
Our results show that MRI had limited efficacy in detecting additional malignancies with an ICDR of 2.0% for the ipsilateral breast and 0.9% for the contralateral breast. These results are in contrast with those of a meta-analysis of 19 studies, which showed that the overall ICDR in the affected breast of 2,610 patients was 16% [7] . Another review of 22 studies, involving 3,253 patients, reported that the ICDR for synchronous contralateral breast cancer was 4.1% (131/3,253) [4] . These discrepancies may have been due to the use of bilateral whole breast ultrasonography in our entire study population. We have previously reported that the additional use of preoperative ultrasonography detected a significant number of additional malignancies, when compared to clinical examination and mammography (14% for the ipsilateral breast and 4% for the contralateral breast) [19] . When these values were added to the ICDRs resulting from breast MRI in our study, the sum of ICDRs by ultrasonography and MRI were almost equal to the ICDRs of MRI without ultrasonography in the meta-analyses (2.0%+14% vs. 16% for the ipsilateral breast and 0.9%+ 4% vs. 4.1% for the contralateral breast). These results suggest that breast MRI after bilateral whole breast ultrasonography, even when performed by an experienced radiologist, has little incremental benefit in detecting additional malignant foci. Moreover, with continuous advances in ultrasonography technology, the additional value of a combination of ultrasonography and mammography might be even higher compared to mammography alone, because mammography alone offers little information given the high breast density of the Korean population.
In the logistic regression model to identify factors associated with the benefits of preoperative breast MRI, we found that patients aged ≤ 50 years showed a tendency of having additional malignancies detected by MRI. However, this tendency was negated after adjustments for confounding factors (p = 0.196) and the ICDR was still low in this group ( > 50 years, 3.5% vs. 2.2%; p= 0.090). Therefore, it remains unclear whether routine breast MRI after mammography and breast ultrasonography can be justified in this age group. Furthermore, the survival benefit associated with extirpating MRIdetected tumors is not clear based on our knowledge that many of the occult malignant foci in the remnant breast are not clinically relevant [20] [21] [22] [23] [24] . To date, no randomized trial has assessed the impact of presurgical breast MRI on longterm patient outcomes. Fischer et al. [25] have shown that MRI staging was not associated with any difference in the 8-year rates of local and systemic recurrence. A recent study including 756 patients also demonstrated the lack of a survival difference when preoperative MRI was used [26] . Another concern is the rate of FP cases, leading to unnecessary procedures and delaying definitive treatment [27] . Approximately 5.5% of women undergo extensive surgery (wider excision or mastectomy) because of FP lesions [7] . Moreover, preoperative breast MRI has been found to increase the rate of mastectomy [27] . In our study, we found that the overall TP:FP ratio was 0.38 (30:79; 0.60 for the ipsilateral breast and 0.20 for the contralateral breast). Although we did not observe a significant increase in the mastectomy rate, a high incidence of FP cases raises concerns of potentially increased incidences of wider excisions and poor cosmetic outcomes. MRI-guided biopsy should be the initial tool for pathologic confirmation even though the FP and false negative rates may be higher than for surgical excisional biopsies owing to the nature of targeted-needle biopsies.
Preoperative breast MRI after breast ultrasonography resulted in a minimal increase in the ICDR of additional malignant foci in the ipsilateral or contralateral breast. Clinicopathological factors were not associated with the presence of additional malignant foci. This suggests that the benefits of performing preoperative breast MRI are minimal. Routine use of preoperative breast MRI should be discouraged when good quality bilateral whole-breast ultrasonography is performed by an experienced radiologist.
